Tissue distribution of microcystin (MC)-LR-GSH, MC-LR-Cys and MC-LR of omnivorous fish in Lake Taihu was investigated. MC-LR and MC-LR-Cys were detected in liver, kidney and muscle. The concentration of MC-LR in liver and kidney was 0.052 μg g À1 DW and 0.067 μg g À1 DW, respectively.
INTRODUCTION
The occurrence of cynobacteria bloom around the world has caused many water problems, such as deterioration of water quality, shortage of water resources and damage to the ecosystem (Carmichael , Carmichael S-transferase (GST) extracted from aquatic organisms, which suggested these S-conjugates were significant metabolites in the detoxification of MC-LR. Chen et al. () also reported the presence of MC-LR-Cys in kidney and hindgut contents of bighead carps in field work. However, few of the previous studies have discussed the relationship between free MCs and their S-metabolites for the absence of quantitative methods. Based on the quantitative 
MATERIALS AND METHODS

Study area
Lake Taihu (30 
Sample preparation
Stock solutions (25 μg mL À1 ) were prepared by dissolving MC-LR, MC-LR-GSH and MC-LR-Cys in pure water. Standard solutions (0.01, 0.05, 0.1, 0.5 and 2.5 μg mL À1 ) were prepared by serial dilutions of stock solutions using pure water. All solutions were stored at À80 W C before use.
Five Cyprinus carpio (body weight: 0.52 ± 0.13 kg; body length: 26.1 ± 2.7 cm) were captured from Gonghu Bay monthly from January to December 2008. The collected fish (n ¼ 5) were measured and weighed, and then the liver, kidney and muscle were dissected in the field and stored frozen at À20 W C immediately. The samples were lyophilized by a freeze dryer (Martin Christ, Osterode, Germany). The lyophilized samples (0.2 g dry weight for each sample) were extracted three times with 5 mL of 0.01 mol L À1 EDTA-Na 2 -5% acetic acid by sonicating for 3 min (30% amplitude, 60 W, 20 kHz, Sonics VC130 PB, Newtown, CT, USA) at 0 W C and then centrifuged at Firstly, the cartridges were preconditioned with 10 mL of methanol followed by 10 mL of water, then washed with 20 mL of water followed by 20 mL of 20% MeOH. The elution was performed with 20 mL of MeOH. The eluent was evaporated to dryness and the residue was dissolved in 100 μL 100% MeOH. This solution was applied to a Sep-Pak silica gel cartridge (2 g, Waters, Milford, MA, USA), which had been preconditioned by 100% MeOH.
The column was washed with 20 mL 100% MeOH, and then eluted with 20 mL of 70% MeOH. This fraction was evaporated to dryness and re-dissolved in 100 μL of the mobile phase.
Analysis of MCs and their metabolites
Analyses were performed using a Finnigan LC , 25% B) . The total flow rate was held at 0.2 mL/ min at analysis stage. After the analysis stage, the flow rate was increased to 0.3 mL/min for 5 min before the next injection to renew the initial condition rapidly. Sample injection volume was typically 10 μL.
Statistics
Values were shown by means ± standard error (SE). Values below the detection limit were set to half of the detection 
RESULTS
The selected reaction monitoring (SRM) chromatograms of MC-LR and their metabolites are presented in Figure 1 (Figure 1(b) ).
Figure 2 summarizes the monthly changes of MC-LR
and its glutathione and cysteine S-conjugates in the liver, kidney and muscle of the common carp. Values below the limit of detection (LOD) (0.004 μg g À1 ) were taken as zero.
MC-LR and MC-LR-Cys were observed in most liver and kidney samples. The content of MC-LR in liver ranged from 0.017 to 0.141 μg g À1 DW, and showed the highest peak in June with an average of 0.052 μg g À1 DW. MC-LR-Cys content in liver peaked in February, and varied between 0.029 and 4.050 μg g À1 (with an average of 1.104 μg g À1 DW).
DISCUSSION
In the present study, MC-LR was detected in 90% of liver and kidney samples. Liver has been considered as the target organ for detoxification of MC-LR, and most of the studies found MC-LR prefer to accumulate in this tissue (Williams et al. ) . However, it appeared that MC-LR may also intensively distribute to kidney for excretion in fish exposed to long-term cyanobacterial blooms. Milutinovic et al. () observed that kidneys were far more affected than the liver, and suggested kidney may be another key tissue for detoxication of MC-LR in chronic exposure. It is well known that MCs can be transported via the blood stream and distributed to blood-irrigated organs, including liver, intestine, kidney, lung, etc. In this study, MC-LR was less detected in liver than kidney, which indicated that MC-LR may be effectively eliminated from liver and distributed to kidney when exposed to a long-term bloom.
The importance of GSH conjugates in detoxification of xenobiotics has been underlined in much of the literature Both tissues showed high distribution of MC-LR-Cys, and formation efficiency of MC-LR-Cys in liver was 2-fold of that in kidney, and there is a significant correlation between MC-LR and MC-LR-Cys concentrations in liver (r ¼ 0.866, p < 0.01; n ¼ 12). It should be noted that liver showed a higher distribution of MC-LR-Cys with the depletion of MC-LR, this is consistent with the
